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The morphological and numerical changes in the epi-
dermal melanocyte system of the tail ofC57BL mice were 
studied after exposure to 7,12 dimethylbenz(a)anthracene 
(DMBA) followed by UVB irradiation. The dorsal aspect 
of the tail was exposed for 5 days per week, for a total 
duration oflO weeks, to a daily dosage of 0.1 J/cm2 UVB 
(peak 310 nm). Once a week, 0.2 mI of 0.15% DMBA in 
acetone was locally applied to the irradiated areas. Biop-
sies were studied by the combined skin-splitting DOPA 
and electron microscopic techniques. After 10 weeks of 
DMBA treatment the following changes were observed: 
the original brick-like arrangement of melanocytes be-
came confluent, melanocytes were irregularly shaped, 
dendrites shortened and clumped together, and the outer 
root sheaths of the hair follicles became covered with 
melanocytes. There was a significant increase in the 
number of DOPA positive melanocytes at the end ofthe 
first week in DMBA and DMBA + UVB treated skin. 
IDtrastructurally, an increase in melanosome formation 
in melanocytes and transfer into keratinocytes was 
found, as well as redistribution of melanosomes from 
singlets and doublets into larger groups. Damage of 
melanocytes by the DMBA treatment was seen, but no 
inflammation or tumor formation was observed. 
It is well known that the application of carcinogenic poly-
cyclic hydrocarbons to the skin of mice results in the devel-
opment of hyperpigmented macules and pigmented tumors 
[1-5]. Since the polycyclic hydrocarbons are also photosensitiz-
ers, it is logical to assume that in addition to their inherent 
carcinogenicity, they may also enhance the effects of phototoxic 
agents by accelerating tumor formation. One of these phototoxic 
agents is ultraviolet light, which, in the range between 280-320 
nm (UVB according to the conventional UVL spectrum desig-
nations) [6], represents the most important part of the action 
spectrum responsible for experimental cancer formation [7] and 
"suntanning" in human skin. It has already been shown that 
UVB and hydrocarbon carcinogens have additive carcinogenic 
effects in mice [8]. 
Prolonged application of 7, 12 dimethylbenz(a)anthracene 
(DMBA) without ultraviolet light by Clark, Byung, and Klig-
man [9] induced cutaneous malignant melanomas in Weizer-
Maple guinea pigs. On the other hand, single application of 
DMBA on the back of hairless mice produced benign dermal 
melanotic lesions (blue nevi) . When these blue nevi were ex-
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posed to UVB (3 times weekly 12.2 x 105 ergs/cm2) by Epstein, 
Epstein, and Nahai [10], the formation of melanomas was 
observed. 
The purpose of this investigation was to study, at light 
microscopic and ultrastructural levels, the morphology of pre-
cancerous and possibly neoplastic changes in epidermal mela-
nocytes that were exposed to DMBA followed by UVB. It is a 
sequel to our previous experiments, in which the skin of C3R 
mice was treated with DMBA followed by the co-carcinogen 
croton oil, and drastic changes in morphology and DOPA 
reaction of melanocytes were observed [11]. In this experiment, 
we chose tail skin of C57BL mice, which possesses a relatively 
thick epidermis with sparse population of hair and a well-
functioning melanocyte system. For these reasons it serves as 
a good experimental model, comparable to human skin [12]. 
MATERIALS AND METHODS 
Adult black female mice (C57BL/6J, Jackson Laboratories, Maine) 
were used. In this strain, epidermal melanocytes are normally found in 
less hairy areas, such as the sole of the foot, the outer portion of the 
ears, and the tail [12]. The skin of the dorsal surface of the tail was 
used in these experiments. The mice were fed standard laboratory 
Purina chow and water ad libitum. 
A total of 24 adult mice was used in this study. In 16 mice, the skin 
of the dorsal surface of the tail was exposed for 10 min, 5 days per 
week, amounting to an energy of 0.1 J/cm" per day. The source was a 
Westinghouse FS 20 sunlamp with a range of 275-375 nm, maximum 
output between 290-320 nm, and a peak at approximately 310 run 
(predominantly UVB). The total duration of the experiment was 10 
weeks. Once a week, 0.2 ml of 0.15% DMBA (Sigma) in acetone was 
locally applied by painting, to the irradiated areas of the tail. Biopsies 
of the tail skin were taken under ether anesthesia, after 1 and 3 days, 
1, 2, 4, 6 and 10 weeks. Control groups consisted of 2 animals each, 
treated with UVB only, DMBA only, and acetone only, as described 
above, for 10 weeks, and 2 animals without any treatment. All specimens 
were obtained and processed in a similar manner. 
One part of each specimen was studied using the combined "skin-
splitting" technique and DOPA (L-3,4-dihydroxyphenylalanine) incu-
bation [13]. The skin was incubated in 2N NaBr at 37°C for 45 min and 
the epidermis was then "split" from the dermis. The epidermis was 
incubated in several changes of a 0.1% solution of DOPA (Hoffmann-
LaRoche, Inc., Nutley, New Jersey), buffered by Sorensen's phosphate 
buffer to pH 7.4, until epidermal DOPA-positive melanocytes could 
easily be distinguished from the normal background color of the epi-
dermis. The following incubation times with DOPA were used through-
out the experiments: 1 hr at 37°C followed by 1-2'1, hr subsequent 
incubation also at 37°C. The epidermal pieces were fixed in 10% formol 
saline, counterstained with paracarmine, dehydrated, mounted on glass 
slides with the dermo-epidermal junction facing up, and examined and 
photographed with a Zeiss Ultraphot II. Where possible, the number of 
epidermal melanocytes was determined using the light microscope by 
counting the number of melanocytes in 10 independent fields within 
the "brick area" in each specimen. The number of melanocytes was 
expressed per square millimeter of skin surface following the original 
methods of Billingham and Medawar [14] and Szabo [15]. 
Another part of each specimen was immediately fixed in phosphate-
buffered Ito-Karnovsky fixative [16] for 2 hr at 4°C, postfixed for 1 hr 
in 2% OsO" stained en bloc with uranyl acetate, dehydrated in graded 
ethanols, infIltrated with propylene oxide and embedded in Epon 812. 
For light microscopic examination, sections with a thickness of approx-
imately 1 Il were cut with glass knives, and stained with toluidine blue. 
Thin sections were cut with diamond knives using a Porter-Blum MT-
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2 ultramicrotome, stained with uranyl acetate and lead citrate, and 
examined in AEI Corinth 275 and AEI 6B electron microscopes. 
RESULTS 
Light Microscopic Observations 
In normal skin of the dorsal surface of the tail in C57BL mice, 
the melanocytes are arranged in a brick-like pattern running 
circumferentially around the tail [12]. In areas between the 
"bricks," DOPA-positive melanocytes are practically absent. 
Melanocyte-counts were made only within the bricks. No mel-
anocytes are found on the sebaceous glands or outer root 
sheaths of the hair follicles (Fig 1, 2, 7). 
The first changes were noticed after 1 application of DMBA. 
Some melanocytes had stubby, shorter dendrites compared to 
control skin. In 1 J..L transverse sections, an increase in the 
nUlllber of "clear cells" and in cell divisions was noted together 
with vacuole formation in the nuclei of epidermal cells. After 2 
applications of DMBA, the melanocytes showed a much larger 
cell body and had an increased number of dendrites which were 
mostly short and stubby (Fig 6). Many small terminal boutons 
FIG 1. Normal epidermis. The melanocytes are arranged in a "brick-
like " pattern. scale bar 100 lim. 
o 
FIG 2. Normal epidermis. Normal melanocytes within 1 brick. scale 
bar 10 /Lm. 
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FIG 3. Epidermis after 10 weeks of UVB irradiation. The brick 
pattern stays intact. Occasional interbrick melanocytes are seen. scale 
bar 100 /Lm. 
FIG 4. Epidermis after 10 weeks of UVB irradiation. Melanocyte 
number within the brick area has doubled. scale bar 10 /Lm . 
of dendrites (appearing as hyperpigmented spots in the epider-
mis) and "inter-brick" melanocytes were seen. Melanocytes 
were also found on the sebaceous glands and on the outer root 
sheaths of the hair follicles. With increasing numbers of DMBA 
applications, these changes, established in the first week of the 
experiment, increased in intensity (Fig 5, 8). 
Finally, after 10 weeks of DMBA treatment the brick pattern 
was completely obliterated and replaced by an almost confluent 
layer of melanocytes that covered also the sebaceous glands 
and the outer root sheaths of the hair follicles. The cell body of 
the melanocytes became very irregularly shaped and melano-
cytes were often clumped together (Fig 11, 12). The dendrites 
were short and thickened and seemed to contain little nodules, 
suggesting the presence of many melanosomes. Together with 
these cytological changes in individual melanocytes, there was 
also a significant increase in the number of these cells. After 4 
weeks of DMBA application, there was a 2.3-fold increase in 
the number of melanocytes compared to control animals 
(Table). From the 4th week on, background pigmentation 
started to develop, indicating increased pigment transfer from 
540 BLOG AND SZABO 
FIG 5. Epidermis after 4 weeks of treatment with DMBA and UVB. 
The brick pattern is obliterated. Melanocytes are seen on the outer 
root sheaths of the hair follicles, but are still individually discernible. 
scale bar 100 /Lm. 
FIG 6. Epidermis after 1 week of treatment with DMBA and UVB. 
Melanocyte number within the brick area has already doubled. scale 
bar 10/Lm. 
melanocytes to keratinocytes. As keratinocytes became laden 
with pigment and interfered with the discernibility of individual 
melanocytes, cell counting was no longer possible in these 
specimens. Essentially the same changes were observed in 
specimens treated with DMBA + UVB (Fig 9, 10). 
Acetone- and UVB-treated skin, serving as controls, were 
examined after 10 weeks of treatment and compared with 
DMBA and DMBA + UVB treated epidermis. While counts of 
melanocytes were not possible in DMBA and DMBA + UVB 
treated specimens, due to intense background pigmentation, 
examination of epidermal preparations demonstrated that ace-
tone did not increase the melanogenic activity of melanocytes, 
whereas UVB did. In control specimens of skin treated with 
acetone only for 10 weeks, no significant morphological or 
numerical changes in the melanocyte system were seen as 
compared to skin of untreated animals. 
Melanocytes in specimens treated with UVB showed fewer 
changes than those exposed to DMBA, as they more closely 
resembled normal melanocytes. "Inter-brick" melanocytes, 
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FIG 7. Normal epidermis. No melanocytes are present on the outer 
root sheaths of the hair follicles and sebaceous glands. scale bar 10 /Lm. 
FIG 8. Epidermis after 4 weeks of treatment with DMBA and UVB. 
(an area of Fig 5 at higher magnification). Melanocytes have short and 
stubby dendrites and are observed on the bases of the outer root 
sheaths of the hair follicles. scale bar 10 ILm . 
however, were observed and the background pigmentation in-
creased, but not as many small terminal boutons of dendrites 
were seen as in skin stimulated with DMBA. There was a 2-
fold increase in the number of melanocytes in UVB-treated 
skin as compared to control animals (Table) . There were no 
melanocytes observed on the outer root sheaths of the hair 
follicles and sebaceous glands (Fig 3, 4). 
Ultrastructural Observations 
Treatment with DMBA and with DMBA + UVB resulted in 
a striking increase in stage IV melanosomes in melanocytes (Fig 
13, 14), as compared to normal melanocytes in control speci-
mens, and in an increase in the number of melanosomes in 
keratinocytes. This indicates a stimulation of melanogenic ac-
tivity in the epidermal melanocytes and an increased transfer 
of melanosomes from melanocytes to keratinocytes. While in 
normal keratinocytes melanosomes are found mostly in singlets 
and doublets (Fig 15), after stimulation with DMBA or DMBA 
+ UVB, melanosomes were found also in large groups within 
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FIG 9. Epidermis after 10 weeks of treatment with DMBA and 
UVB. Clumped melanocytes on the outer root sheaths of the hair 
follides. scale bar 10 /lm. 
FIe 10. Epidermis after 10 weeks of treatment with DMBA and 
UVB. Melanocytes form a confluent layer and tend to clump together. 
scal e bar 10 /lm . 
Changes in melanocyte number of mouse tail epidermis after 
treatment with DMBA and UVB 
Treatment Mean number of Specimens duration melanocytes per 
mm:lll ± SE mean, SO 
Control C57BL mouse 630 ± 20, 70 
DMBA 1 day 640 ± 20, 80 
DMBA+ UVB 1 day 655 ± 25, 90 
DMBA 3 days 755 ± 20, 80 
DMBA+ UVB 3 days 730 ± 20, 70 
DMBA 1 week 1410 ± 25, 95 
DMBA+ UVB 1 week 1370 ± 30, 90 
DMBA 4 weeks 1510 ± 30, 90 
DMBA+ UVB 4 weeks 1480 ± 30, 95 
DMBA 10 weeks h 
DMBA+ UVB 10 weeks 
UVB 10 weeks 1235 ± 30, 85 
Acetone 10 weeks 655 ± 25, 90 
n The mean number of melanocytes refers to mm2 of surface of tail 
skin of 2 mice per experiment. The figures are rounded off to the 
nearest 5. 
h Due to high background pigmentation counts were not possible. 
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FIG 11. Epidermis after 10 weeks of treatment with DMBA only. 
Similar to Fig 9; clumped melanocytes on the outer root sheaths of the 
hair follicles can be seen. scale bar 10 /lm. 
FIG 12. Epidermis after 10 weeks of treatment with DMBA only. 
The brick pattern is obliterated. Melanocytes form a confluent layer 
and tend to clump together. scale bar 100 /lm. 
membrane limited vesicles (Fig 16), and melanosomes seemed 
to be somewhat smaller than those in specimens without any 
treatment. Melanosomes were also observed high in the epider-
mis and in the stratum corneum (Fig 17). There were indications 
that some melanocytes were damaged, as they seemed to be 
shrunken and possibly necrotic. 
DISCUSSION 
In studying the effects of DMBA and UVB on the tail skin of 
C57BL mice, we have to consider 3 different areas in which the 
response of the epidermal melanocyte system can be described. 
One is the "brick" area, in which there are functioning epider-
mal melanocytes present, resembling the structure of human 
skin. On the other hand, there are the "inter-brick" areas and 
the areas of the pilosebaceous units, which are covered by 
nonpigmented epidermis. In our experiments we have found 
that there is a difference in the response within these 3 areas to 
DMBA and UVB treatment. 
The repeated stimulation with DMBA induced a marked 
FIG 13. Normal melanocyte. Note the basement membrane (bm), melanosomes In different stages of development (m), extensive Golgi 
apparatus (g), and adjoining keratinocytes (II). scale bar l/lm. 
FIG 14. Melanocyte (m) in epidermis, after 10 weeks treatment with DMBA and UVB, containing an abundance of stage IV melanosomes. 
Note "nest configuration" of (m) with a clear cell (c). scale bar l/lm. 
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FIG 15. Normal keratinocyte. Melanosomes are seen in singlets or 
doublets. scale bar 0.1 /lm. 
FIG 16. Keratinocyte after 10 weeks treatment with DMBA and 
UVB. Melanosomes are also seen in larger complexes. scale bar 0.5 
/lffi. 
increase in the epidermal melanocyte population of the brick 
area in the tail skin of C57BL mice (Table). Following this 
treatment, DOPA positive melanocytes also appeared in the 
inter-brick regions, in the outer root sheaths of the hair follicles 
and in the epithelium covering the sebaceous glands. The 
fundamental question is whether this treatment induces acti-
vation of a nonactive melanocyte population in the unpig-
mented epidermis, or whether it has a mitogenic effect on the 
functioning melanocyte population of the brick areas, which in 
turn may invade the inter-brick areas and the outer root sheaths 
of the pilosebaceous units. 
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FIG 17. Melanosomes in stratum corneum of epidermis treated with 
DMBA and UVB for 10 weeks. scale bar 0.5 /lm. 
Increased mitotic activity of epidermal melanocytes within 
the bricks during UVB irradiation of tail skin in C57BL mice 
has been described already by Rosdahl and Szabo [17]. Quev-
edo, Brenner, and Kechijian have also concluded that melano-
cyte division accounts at least for part of the population increase 
in melanocytes in UVB .irradiated planter skin of mice. Accord-
ing to the experiments of Sato and Kawada [19,20], however, it 
is unlikely that the increase in the number of melanocytes 
during repeated irradiation with UVB is due exclusively to the 
proliferation of melanocytes as only 1% of DOPA positive 
melanocytes showed DNA synthesis after UVB irradiation of 
the tru nk epidermis in hairless mice. Therefore, it can be 
assumed that both migration of melanocytes and pigment for-
mation in amelanogenic melanocytes may take place. 
Our findings suggest that the treatment with DMBA acti-
vates preexisting non-DOPA positive melanocytes in the inter-
brick and outer root sheath areas of the epidermis, in similar 
fashion as is described by Szabo [11] in DMBA treated skin on 
the back of pigmented mice. 
In the outer root sheath areas, melanocytes did not appear 
after UVB treatment alone. This may demonstrate that DMBA 
penetrates deeper in the epidermis than UVB, as UVB activates 
some melanocytes in the more superficially located interbrick 
regions, but not in the deeper areas of the pilosebaceous units. 
The ultrastructural findings confirmed our lightmicroscopical 
observations that melanocyte activity increases as a result of 
the DMBA treatment (Fig 13 and 14). Examination of mela-
nocytes after ten weeks of treatment ~ith DMBA and DMBA 
+ UVB (Fig 14) demonstrated a drastic increase in melanosomal 
content of these cells, with indications of degenerative changes. 
This cell "suicide" has been suggested by Lerner [21] and 
Pawelek [22] to be a result of increased melanogenesis. Quevedo 
et al [23J have also noted that DMBA is capable of damaging 
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melanocytes in the epidermis of gerbils. The nature of clear 
cells, which are often seen next to damaged melanocytes, de-
serves further study. It is possible that these cells are members 
of the immune system and are attracted to the epidermis by 
dying melanocytes. 
Further ultrastructural research of the melanocyte system in 
the C57BL mouse can be useful for clarification of the existence 
and fate of interbrick melanocytes after stimulation with 
DMBA and UVB. While observation of ultrastructural changes 
in the melanocyte system following DMBA and UVB treatment 
provides some insight into the mechanisms of action of these 
agents, the skinsplitting DOPA technique proved to be the 
most revealing in this respect, as it provides data concerning 
numerical changes of the melanocyte system and changes in 
the gross morphology of these cells. 
In contrast to previous experiments in which similar amounts 
of DMBA followed by croton oil caused severe inflammation of 
mouse tail skin and pigmented tumors in the dermis [11], in 
this study no tumor formation nor inflammation of the skin was 
seen. Aside from the fact that UVB is a much less potent co-
carcinogen than croton oil, it is possible that the time span of 
our experiment was too short for tumor development. This 
short time period was chosen, however, in order to describe the 
immediate effects of DMBA and UVB on melanocytes. The 
results of this experiment may also be relevant for comparison 
with the effects of other potent melanogenic agents on mela-
nocytes, suc~ as psoralens and UV A. 
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